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Abstract 
Nano-ferrites of the composition  Ni1-xCoxFe2O4(where x=0.0,0.2,0.4,0.6,0.80 and 1.0) were synthesized at a 
very low temperature (180°C) by Citrate-gel auto combustion method The  synthesized powders were sintered at 
500
0C  for  four  hours  in  an  air  and  were  characterized  by  X-ray  diffraction  (XRD)  which  confirmed  the 
formation of cubic spinel structure of ferrites. The crystallite size was in the range of  20nm to 31 nm. Such low 
nano  sized  ferrites  are  desirable  for  variety  of  applications  like,  in  magnetic  data  storage  and  in  etc. 
Morphological studies by Scanning Electron Microscopy (SEM) revealed formation of largely agglomerated, 
well defined nano particles of the sample. Elemental composition characterizations of the prepared samples 
were performed by Energy Dispersive Spectroscopy (EDS) which shows the presence of Ni, CO, Fe and O 
without precipitating cations.  
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I.  Introduction 
Nanoparticles  of  magnetic  ferrites  have 
attracted  great  research  interest  because  of  their 
applications  in  permanent  magnets,  drug  delivery, 
microwave  devices  and  high-density  information 
storage  [1–4].  Cobalt  ferrite  has  been  extensively 
investigated  because  of  its  interesting  magnetic 
behavior, chemical stability and mechanical hardness 
[5,6].  Cobalt  ferrite,  CoFe2O4,  crystallizes  in  a 
partially inverse spinel structure[7]. Nickel-ferrite is 
an inverse spinel magnetic material [8].Cobalt ferrite 
is  well  known  hard  magnetic  material  with  high 
coercivity and saturation magnetization while nickel 
ferrite  is  soft  material  with  low  coercivity  and 
saturation magnetization. Many of these hard and soft 
magnetic  properties  make  them  very  promising  for 
candidates  for  a  variety  of  applications.Nano  size 
ferrites  havebeen  prepared  by  various  techniques 
such  as  sol–gel  combustion,  modiﬁed  oxidation 
process,  forced  hydrolysis,  hydrothermal  process, 
ball milling and the micro-emulsion method [9–14]. 
In  the  present  study  we  prepared    Nano-
ferrites  of  the  composition    Ni1-xCoxFe2O4(where 
x=0.0,0.2,0.4,0.6,0.80 and 1.0) were synthesized at a 
very  low  temperature  (180°C)  by  Citrate-gel  auto 
combustion method 
 
 
 
 
 
II.  Experimental Details 
The  Nano-ferrites  of  the  composition  Ni1-
xCoxFe2O4 (where x=0.0, 0. 2, 0. 4, 0. 6, 0. 80 and 
1.0)  were  synthesized  at  a  very  low  temperature 
(180°C)  by  Citrate-gel  auto  combustion  method  by 
the below mentioned raw materials.  
 
2.1 Raw Materials:  
  Nickel Nitrate-99% Pure (AR Grade) (NiNO3)  
  Cobalt  Nitrate-99% Pure (AR Grade) (CoNO3) 
  Ferric  Nitrate-99%  pure(AR  grade) 
(Fe(NO3)29H2O)  
  Citric  acid  -  99%  pure  (AR  grade) 
(C6H8O7.H2O) . 
  Ammonia - 99% pure (AR grade) (NH3) 
 
2.2  The  flow  chart  for  the  synthesis  of  lithium 
nano ferrite:  
In this method Nitrates and Citric acid (all 
are  SDFCL-sd  fine  Chem.Limited  99%  pure  AR 
grade)  having  molar  ratio  1:3  were  dissolved  in 
deionized  water. Citric acid acts as chelating agent 
and  helps  in  the  homogenous  distribution  of  metal 
ions. The burnt powder was grind in Agate Mortar 
andPestle  to  get  a  fine  Ferrite  powder.  Finally  the 
burnt  powder  was  calcinated  in  air  at  500oC 
temperature  for  four  hours  and  cooled  to  room 
temperature. 
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Figure 1 Flow chart for Synthesis of Ni-Co Nano ferrites 
 
2.3. Characterization 
X-ray  Diffraction  with  Cukα  (lambda  = 
1.54 Å) was used to study the single phase nature 
and nano-phase formation of the Ni-Coferrite system 
at room temperature by continuous scanning in the 
range of 10˚C to 90˚C. 
Micro  structural  analysis  of  the  prepared 
samples  was  carried  out  by  scanning  Electron 
microscopy  (SEM)  and  elemental  compositional 
analysis  for  all  samples  was  done  by  Energy 
Dispersive Spectroscopy (EDS). 
III. Results and Discussions 
3.1. XRD Analysis 
The  X-ray  diffraction  patterns  of  all  the 
samples were shown in Figure 2. XRD patterns and 
the crystalline phases were identified by comparison 
with  reference  data  from  the    JCPDS  card  No. 
742081 for Nickel ferrites (NiFe2O4) and JCPDS card 
No 791744 for Cobalt ferrites(CoFe2O4). The XRD 
patterns of all the Cobalt substituted  nickel  ferrites 
showed  a  homogeneous  single  phased  cubic  spinel 
belonging  to  the  space  group  Fd3m  (confirmed  by 
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JCPDS card No. 742081). All the Braggs reflections 
have been indexed, which confirmed the formation of 
a  well  defined  single  phase  cubic  spinel  structure 
without  any  impurity  peaks.  All  the  peaks  are 
allowed  peaks.  The  strongest  reflection  has  come 
from (311) plane that indicates spinel phase. 
The diffraction peaks can be indexed to the 
planes of (2 2 0), (3 1 1), (2 2 2), (4 0 0), (5 1 1) and 
(4 4 0). The observed broadening of diffraction peaks 
indicates the nano crystallinity of the samples. The 
particle size of the synthesized ferrite samples  was 
estimated from X-ray peak broadening of diffraction 
peaks using Scherrer formula [15]. The values of the 
particle  size,  lattice  constant  and  X-ray  density  as 
deduced from the X-ray data are given in Table 1 
                            t = 
0.91𝜆
𝗽 cos 𝜃 
whereλ = Wavelength of X-ray, β = Full width and 
Half  Maxima  in  radians,  θ  =  Bragg‟s  angle  at  the 
peak position. 
Lattice  parameter  “a”  of  individual 
composition  was  calculated  by  using  the  following 
formula and values were tabulated in Table 1. 
d  =
?
 ℎ2+?2+?2where  a  =  lattice  parameter,  d  =  inter 
planar distance, hkl = miller indices. 
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Figure 2.XRD of  Ni1-xCoxFe2O4 (where x = 0.0, 0.2, 0.4, 0.6, 0.8, 0 and 1.0) 
 
The variation of  lattice parameter  with  Co 
compositions  was  shown  in  Figure  3.  The  lattice 
parameter  was  found  to  increases  linearly  with 
increasing  Co  concentration.  This  linear  variation 
indicates  that  the  Ni-Co  ferrite  system  obeys 
Vegard‟s law [16].The lattice constant increases with 
Cobalt doping, which can be explained based on the 
relative ionic radius. The ionic radius (oct: 0.82 Å) of 
Co
2+ ions is larger than the ionic radius (oct: 0.78Å) 
of Ni
2+ ions. Replacement of smaller Ni
2+cations with 
larger  Co
2+cations  causes  an  increase  in  lattice 
constant. 
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X-ray density (dx) for different compositions was calculated using the formula  [17] and calculated 
values were tabulated in Table 2. 
 
dx=
??
??3gm cc 
whereZ = Number of molecules per unit cell (8), M = Molecular weight of the sample, N = Avogadro‟s Number, 
a = lattice parameter. 
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Figure 4Variation of X-ray  density with Co m position(X)  for Ni-Co-nano-ferrites 
 
T he  X -ray   density  is  e xpected  to  decrease 
with  the  Co   content  because  the  la ttice  parameters 
increase  with  Co   content.  Sim ilar  result  has  been 
observed  by   Pandit  et  al.  in  Mg-Mn  ferrites  [18] and 
by M. A.  Gabal,  et  al.,  in  Ni -Mg  Nanoferrites  b y   egg 
white  Precursor  Method  [19].  T he  decrease  in  X -ray 
density  ca n  be  ascribed  to  the   ato mic  weight  and  
density  of  Co
2+,  which  are  lower  than  those  of 
Ni
2+and Fe
3+[20]. 
Volume of unit cell was calculated by using 
the formula 
V=  a
3  in  A
0units  where  „a‟  is  lattice 
parameter.  Volume  of  unit  cell  was  found  to 
increases with increase in Co content, as it depends 
on  lattice  parameter  which  has  increased  with 
increase in Co content. 
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Figure 5 Variation of  Volume of Unit cell with Co m position(X)  
 
T he  distance  betw ee n  magnetic  io ns 
(hopping  length)  in  A  site  ( tetrahedral)  and  B  site 
(octahedral) w ere calculated using the relations  
dA=0.25a 3dB =0.25a 2 
The calculated values of the hopping length 
for  Tetrahedral  site(dA)  and  octahedral(dB)  of 
different  compositions  were  tabulated  in  Table  1. 
The relation between hopping length for Octahedral 
and Tetrahedral sites as a function of Mg content(x) 
was  shown  in  Figure  6.  It  is  observed  that  the 
hopping length increases as the Mg content increases.  D. Ravinder et al Int. Journal of Engineering Research and Applications                       www.ijera.com 
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Figure 6  T he distance betw ee n m agnetic  ions in both Octa hedral and tetrahedral   Sites as a functio n of 
Co m position (X) 
 
T able  1.  Values  of    Cr y stallite  size,  Lattice  param eter(a),unit  cell  volume,  X -ray   density  and  hopping  length  for 
A-Site(d A) and  B-Site(dB) of  Ni-Co Nano ferrite with Composition(X=0.0,0.2,0.4,0.6,0.8,1.0)  
Sample  Particle 
size(nm) 
Lattice 
parameter(A.u) 
Unit  cell 
volume(A.u) 
X-Ray 
density(gm/cc) 
A  site 
dA(A.u) 
B  Site 
dB(A.u) 
NiFe2O4  23.57 nm  8.3422  580.552  5.362  3.6122  2.9494 
Ni0.8Co0.2Fe2O4  30.2 nm  8.3422  580.552  5.360  3.6122  2.9494 
Ni0.6Co0.4Fe2O4  26.37 nm  8.3576  583.773  5.359  3.6189  2.9548 
Ni0.4Co0.6Fe2O4  26.59 nm  8.3576  581.773  5.358  3.6139  2.9507 
Ni0.2Co0.8Fe2O4  20.19 nm  8.3576  583.773  5.337  3.6189  2.9548 
CoFe2O4  25.02 nm  8.3776  587.975  5.300  3.6276  2.9619 
 
2. Morphology by SEM 
Morphology  of  the  prepared  samples  by 
Citrate-gel  method  was  studied  using  scanning 
electron  microscope  (SEM)  where  the  secondary 
electron  images  were  taken  at  different 
magnifications  to  study  the  morphology.  The 
scanning  electron  microscopic  images  of  all  the 
synthesized samples were shown in Figure 7. 
The images show that the particles have an 
almost homogeneous distribution, and some of them 
are in agglomerated  form. It is evidenced by SEM 
images that the aggregation of particles lies in nano-
metric  region.  The  particles  were  observed  as 
uniform grains (in different SEM images) confirming 
the crystalline structure of Ni-Co Nanoferrites which 
were  detected  by  XRD  studies.  The  formation  of 
Fe2O4 was chemically favoured by heatingduring the 
synthesis  where  as  final  reaction  was  completed 
during  the  sintering  where  the  pores  between  the 
particles  were  removed  combined  with  growth  and 
strong bonds by agglomeration. 
It  can  be  seen  from  SEM  micrographs  of 
various  compositions  that  the  morphology  of  the 
particles is similar. They reveal largely agglomerated, 
well  defined  nano  particles  of  the  sample  powder 
with inhomogeneous broader grain size distribution. 
Such  broader  size  distribution  is  characteristic  of 
mechanically  activated  nano  sized  particles.  The 
agglomeration  of  particles  is  also  because  they 
experience  a  permanent  magnetic  moment 
proportional to their volume [21].  
 
 
                           X=0.0                                               X=0.2                                                 X=0.4 
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X=0.6                                              X=0.8                                      X=1.0 
Figure 7 SEM images of Ni1-XCoXFe2O4 Nano ferrites 
 
3.3. Elemental Analysis by EDS 
The elemental analysis of all the Ni-Co nano 
ferrite  samples  with  different  compositions  was 
analysed by Energy Dispersive Spectrometer (EDS) 
and  the  elemental  %  and  atomic  %  of  different 
elements in the were shown in the Table 2. The EDS 
pattern  for  samples  with  x  =  0.0,  0.4and  0.8  were 
shown in Figure 8 which indicates the elemental and 
atomic composition  in the sample. The compounds 
show  the  presence  of  Ni,  Co,  Fe  and  O  without 
precipitating cations. 
 
Table 2 Elements of each sample composition Ni-Co Nano ferrites analysed  by (% weight) obtained  by EDS   
Element  O  Ni  Co  Fe 
Ferrite 
compostion 
element   %   
Atomic% 
element % Atomic %
   
element%  Atomic %     Element %   Atomic % 
NiFe2O4  29.93              61.88  18.12         9.50  --------         -------  51.92            28.62 
Ni0.8Co0.2Fe2O4  21.85              49.77  19.31         12.00  6.00             3.71  52.83            34.52 
Ni0.6Co0.4Fe2O4  28.97              59.23  9.11           5.07  14.91          8.28  46.35            27.15 
Ni0.4Co0.6Fe2O4  33.38              42.77  12.15         5.70  9.18            4.29  45.28          41.24 
Ni0.2Co0.8Fe2O4  33.53             51.63  2.69            0.91  11.26          3.80  52.50             43.66 
CoFe2O4  34.56             66.10  ---------        -------  10.88           9.50  46.62            24.34 
         
                      
(X=0.0)NiFe2O4 Nano ferrite 
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(X=0.8) Ni0.2Co0.8Fe2O4 Nano ferrite 
Figure 8  EDS graph ofNi1-XCoXFe2O4Nano ferriteswith composition(X=0.0,0.6,1.0) 
 
IV.  Conclusions 
  Citrate  Gel  auto  combustion  technique  is  a 
convenient way for obtaining a homogeneous nano 
sized mixed Ni-Co ferrites.  
  The  process  involves  no  impurity  pickup  and 
material loss. It is a very simple and economical 
method where no specific heating or cooling rate is 
required.  It  is  a  low  temperature  processing 
technique and requires shorter sintering duration.  
  X-ray diffraction pattern confirms the formation of 
cubic spinel structure in single phase without any 
impurity  peak.  It  is  in  good  agreement  with  the 
standard data from ICSD  
  The  crystallite  size  of  the  various  Ni-Co  ferrites 
was in the range of 20-31nm.  
  The lattice parameter is increased with the increase 
of Co substitution in Ni-Co ferriteswhich indicates 
that the mixed Ni-Co ferrite system obeys Vegard‟s 
law. 
  SEM micrographs of various compositions indicate 
the  morphology  of  the  particles  is  similar.  They 
reveal  largely  agglomerated,  well  defined  nano 
particles  of  the  sample  powder  with 
inhomogeneous broader grain size distribution. 
  EDS data gives the elemental% and atomic % in 
the mixed Ni-Co ferrites and it shows the presence 
of Ni, Co, Fe and O without precipitating cations 
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